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1. INTRODUCTION 
The problem of observer design for nonlinear systems driven by known inputs has been dealt 
with by several authors (see, e.g., [l-3]). On the other hand, there are many situations where 
there are plant disturbances present, or some of the inputs to the system are not known, and 
therefore, a conventional observer which assumes the knowledge of all inputs cannot be used. As 
a result, during the past two decades, considerable importance has been attached to the design 
of an observer for uncertain systems or systems driven by unknown inputs (see, e.g., [4-61). 
In [4,6], an observer design is given for a class of uncertain systems under some structure 
conditions on the unknown part of the system. However, these condition are not easy to verify in 
practice, since they depend on some algebraic Lyapunov equation. In [7], an adaptive observer 
is given for a class of uncertain systems. However, the observer design is rather complicated. A 
much simpler adaptive observer is presented in [8], but which applies to a class of systems with 
constant unknown parameters satisfying some very restrictive conditions. 
In this paper, we present a simple observer for a class of single output nonlinear systems with 
uncertainty. When no uncertainty is present, these systems are included in those contained in [l]. 
The design is carried out under a mild structural assumption on the unknown part of the system. 
The proposed observer design is in fact an extension of the design technique used in [2] to the 
case where an uncertainty is present. A major advantage of this design is that the gain of this 
observer is obtained from an algebraic Lyapunov equation and is explicitly given. The proposed 
observer is applicable to systems with constant or slow varying unknown parameters and with a 
*Author to whom all correspondence should be addressed. 
This research was sponsored in part by the Natural Sciences and Engineering Research Council (NSERC) of 
Canada through its Research and Strategic grants program, and also by the Advanced Systems Institute (ASI) of 
British Columbia. 
Typeset by &S-T@ 
109 
110 K. K. BUSAWON AND M. SAIF 
constant disturbance distribution matrix. However, if some a ptiori knowledge on the disturbance 
is known, then the observer may also be made to cope with time varying “unknown” parameters. 
2. MAIN RESULTS 
Consider single-output nonlinear systems of the following form: 
i = JYu, Y).z + g(u, Y) + w 4th 
y = Ct, (1) 
where z E Rn, u E R”, y E R, and d(t) E R is the disturbance. Furthermore, the system’s 
matrices are described by 
0 al(u,y) 0 . . . 
I! 
0 
0 0 az(u,y) ‘.. i 91 (u, Y> 
F('IL,Y) = 
gz(uzL, Y) 
; . . -. 
. I 0 ’ S(U,Y) = . , an-l(u, 9) (I gn(u7 Y> 0 . . . . . . 0 
and C= (1,O ,,.., 0). 
Wl 
w= ” ) 0 ‘Ql 
Note that the disturbance distribution W is assumed to be known and time invariant (structured 
uncertainty). 
The following assumptions are made. 
(Al) There exist a class 24 of admissible controls of class Cl, two positive constants (Y, /? such 
that for every u E 24 and every output y(t) associated to u and to an initial state z(0) E Rn, 
we have 
0 < 0 5 lai(~,~)l 5 P, fori=l,...,n-1. 
(A2) The time derivative of the functions ai(u(t), y(t)) are bounded. 
(A3) The last component wn of W is nonzero. 
Our objective is to design an observer which will estimate both the state z and the unknown 
signal d(t). For this purpose, we consider d(t) as a state variable and assume, for the sake of 
simplicity, that either d(t) is constant or it is governed by a slow varying dynamics (d(t) N 0). In 
fact, if some a priori knowledge on the disturbance d(t) is available, as long as the dynamics of 
the disturbance is only a function of the inputs and the output (d(t) = g’(u, y)), the model can 
be incorporated into the above system. 
Under the above considerations, we obtain the following augmented system: 
Setting 77 = [ :], system (2) can be written in the following condensed form: 
il = qu, Yh + i?(% YL 
Y=h, 
where the definition of p(u, y), g(u, y), and 6 are clear from the context. 
(2) 
(3) 
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Consider now, the following system: 
where 
(9 
(ii) 
(iii) 
and u, y are, respectively, the inputs and the output of system (3). 
he = diag [l/0, 1/e2,. . . , l/P+‘] with 8 > 0 is a parameter. 
where 
NWY) =diag l,al(~,~),al(~1,~)a2(21,~),..., ~aj(21:y~,...,~~j(21,y) 
j=l j=l I 
T and D = [0, WI, ~2, . . . , wn_J . 
(iv) Matrix K = (ICI,. . . ,&+I)~ E Rn+’ is chosen such that the matrix A - KC?’ is stable 
with A the constant (n + 1)-dimensional companion matrix: 
The following theorem summarizes the results. 
6 = F(u,y)ij + g(u,y) - K1(u,y)&'K (64 -Y) , 
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(4) 
THEOREM 1. Under Assumptions Al, A2, and A3, there exists 0s > 0 such that V 0 > Bc, 
system (4) is an exponential observer for system (2). Moreover, the dynamics of this observer 
can be made arbitrarily fast. 
PROOF. Set 
e= [:;I = [:_:I =7j-q. 
Then the error dynamics is 
i! = (F(u, y) - M-l (u, y)A,‘KC) e. 
Set e = AeM(u, y)e. Then, 
eL = 0 (A - Kc) E + A&, y)M-‘(u, y)~. 
The above equality can be shown to hold using the following facts: 
- M(u,y)P(u,z)M-‘(u,y) = ii, 
- AeAA,l = &$, . 
- cA,r = eC, 
- CM-‘(21, y) = c, 
- A&(u, y)M-‘(u, y)A,’ = n;l(~, y)M-l(u, y). 
Now, since (A - Kc) is Hurwitz, there exists a symmetric positive definite matrix P such that 
(A - KC)T P + P (A - KC) = -&,+lr 
where In+1 is an (n + l)-dimensional identity matrix. 
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Define a Lyapunov function as V(E) = B~PE, then 
Using Assumptions Al and A2, it is easy to see that Il~(~,y)M-~(u, y)ll _< c1,+l for some 
positive constant c which depend on the upper bound of the functions ai(u(t), y(t)) and $(ai(u(t), 
y(t)). 
Hence, 
v < -A,,(P) e v+2y/~v=-(Am:(p) -y/$f$)V 
where X min(P) (respectively, X,,,(P)) stands for the smallest (respectively, largest) eigenvalue 
of P. Finally, choose 0 > 2CX,,,(P)~(X,,,(P)/Xmin(P)). 
This ends the proof of Theorem 1. 
2.1. Remarks 
(1) Assumption Al which guarantees the observability of system (l), amounts to imposing a 
local regularity like property on the inputs as in [l]. 
(2) Assumption A2 further restricts the inputs to those which are differentiable. This may be 
avoided by considering systems of the following form: 
2 = qs, Yb + $I(% 3, Y) + ww, 
y = Ck, (5) 
where s(t) is a known signal and which may represent those inputs which are differentiable. 
(3) Assumption A3 ensures the observability of the disturbance with respect to the given 
output. 
3. CONCLUSIONS 
In this paper, a disturbance accommodating observer for a class of nonlinear systems was 
proposed. The gain of the proposed observer is simple to compute and is given explicitly. This 
facilitates the implementation of the observer. The extension of the design to multioutput case is 
straightforward. The proposed observer is designed for systems with a time invariant disturbance 
distribution matrix. Current research centers around design of a similar observer for systems in 
which the disturbance distribution is not constant. In addition, applications of this observer to 
the problem of instrument Failure Detection and Isolation (FDI) using a model based approach 
is currently under way. 
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